Previous studies showed that symptoms of oesophageal motor disorders can be misinterpreted as indicating anorexia nervosa and that in primary anorexia nervosa gastric motility is frequently impaired. We investigated in 32 women with bulimia nervosa whether symptoms of oesophageal motor disorders could be obscured by or be mistaken as forming part of bulimic behaviour, and whether impaired gastric motility was frequent as well. Oesophageal motility was normal in 18 of26 patients studied, another four had incomplete lower eosophageal sphincter relaxation. Two patients had vigorous achalasia and each one achalasia and diffuse oesophageal spasm, all of whom experienced two types of vomiting: one selfinduced and one involuntary, in which the vomit was non-acidic and tasted as the preceding meal. Gastric emptying of a semisolid meal was studied in all patients except of the eight with oesophageal motor abnormalities. Emptying was significantly slower than in healthy controls and grossly delayed in nine of 24 patients.
Bulimia nervosa is an eating disorder related to primary anorexia nervosa, typically beginning in adolescence or early adult life. The disorder is diagnosed increasingly frequent, and bulimic behaviour has been reported to be increasingly prevalent especially on college campuses.'2 Clinically significant bulimia, however, seems to be rare. 34 Bulimia is characterised by recurrent episodes of binge eating -that is, the rapid consumption of a large amount of food in a discrete period of time, a feeling of lack of control over eating behaviour during the eating binges, and, in order to prevent weight gain, the engagement of the affected individual in either selfinduced vomiting, use of laxatives or diuretics, strict dieting or fasting, or vigorous ex&rcise. Induced vomiting decreases the pain of abdominal distension and allows either continued eating or termination of the binge, but may lead to electrolyte imbalance and dehydration. The recently revised diagnostic criteria require a minimum average of two binge eating episodes a week for at least three months and a persistent over-concern with body shape and weight. 5 In contrast with primary anorexia nervosa, the concern with weight does not lead to a fall below a minimal normal weight, although the weight loss may be substantial. Most research on bulimia has dealt with psychosocial and therapeutic aspects of the disorder, whereas relatively few work has been done in the field of bodily functions. In particular, the functioning of organs likely to be affected by the bulimic behaviour, that is, the stomach and the oesophagus, has received little attention. This is surprising all the more, as symptoms indicative of disordered gastrointestinal function, such as postprandial fullness, early satiety, bloating and epigastric pain, are encountered in a substantial proportion of patients.67 That such symptoms in fact often reflect grossly disordered gastric motor activity is suggested by studies on patients with primary anorexia nervosa, which revealed that delayed gastric emptying'-' and motor activity'3-'5 are frequent features in that disorder. In patients categorised as having primary anorexia nervosa it was found that on primary evaluation, symptoms of vomiting and weight loss were mistaken in several instances as indicating primary anorexia nervosa, whereas the reevaluation of the patients' history and subsequent fluoroscopic, manometric, and pH-metric studies revealed that they in fact suffered from oesophageal motor disorders such as achalasia, diffuse oesophageal spasm and gastro-oesophageal reflux."1'2 Studies of gastric motor function in patients with bulimia yielded contradictory results: gastric emptying was found to be delayed in part of the patients"' or to be within the normal range,'617 and the motor activity of the gastric antrum was reported to be normal. 16 The present study was 12 5 g carbohydrates), 15 g sugar, 14 g maize starch (MaizenaR, Knorr, Wels, Austria; 11-9 g carbohydrates) and, for flavouring, cinnamon. It had a caloric content of 1150 kJ. The meal was cooked slowly under continuous stirring until a homogenous, rather stiff, semisolid consistency was reached. After cooling to a temperature at which it could be ingested, it was mixed thoroughly with the radioisotope. Thirty minutes after drug administration, the subjects ate the test meal with a spoon (six patients with bulimia) or sucked it through a wide lumen polyethylene tube (18 patients and all controls). During the latter procedure, no air swallowing was noted and belching after meal ingestion was very rare in both patients and control subjects. Recording was started with the beginning ofmeal ingestion. A dual-headed gamma scintillation camera (ROTA-CAMERA, Siemens AG, Erlangen, West Germany) coupled to a computer system (Digital Equipments Corporation, System GAMMA-1i1) with one camera in an anterior and the other in a posterior position recorded the radioactivity over the stomach and over the remaining abdomen for 50 minutes. In minutes seven to 10, 27 to 30 and 47 to 50 after the start of recording, data were acquired in frame mode with 80 serial images over three seconds each and in the remaining time with serial images of one minute frame time. To avoid possible overprojection of the stomach and the small intestine, the patients were seated in an armchair tilted at an angle of 30 degree backwards.
QUANTIFICATION OF GASTRIC EMPTYING
The one-minute frames were used for the generation of gastric emptying curves. Background activity was calculated and subtracted from the counts of the anterior and posterior camera, respectively. Thereafter, the arithmetic mean of the counts obtained from the two cameras was calculated, so that a falling count rate was representative of the marker remaining in the stomach. By using a dual-headed camera, artefacts caused by movement and absorption, as occurring in measurements with one camera only, could be avoided. The percent emptying rates for the first 10 self-induced vomiting and the duration of the history of bulimia.
GASTRIC EMPTYING
Percentage ofmarker remaining in the stomach The emptying curves over time followed closely a mono-exponential pattern. No initial lag phase as reported to occur after the ingestion of solid meals was observed. In the patients with bulimia, gastric emptying was significantly slower than in the 24 healthy control subjects (Fig 1) . This difference was not present in the first 10 minutes after the start of meal ingestion (Table II) .
Half emptying time
Gastric half emptying time was grossly prolonged -that is, longer than the mean t½/2 of the control subjects plus two standard deviations (SD) in nine patients. The respective t½/2s of these patients ranged from 99 to 272 minutes (Fig 2) . As a group, the patients had significantly longer t½/2s (median: 74 minutes) than the control subjects (median: 47 minutes; Mann-Whitney U Test: p<0001), and only one patient had a t½/2 shorter than the median t½/2 of the control subjects. Long t½/2s were associated with low serum potassium levels (r (23)=0A427, p<0Q05). Long t½/2s tended also to be associated with a low percentage of desirable body weight and with long illness duration, statistical significance, however, was not reached. There were no relationships between the length of t½/2 and the frequency of vomiting per week, the abuse of laxatives and the presence of a history of primary anorexia nervosa, respectively.
ANTRAL MOTOR ACTIVITY
In all patients with bulimia as well as in all of the healthy control subjects, phasic antral contrac- tions were present all the time and no 'silent' phases were observed in any individual.
Amplitude ofantral contractions
The contraction amplitudes were lower in the patients with bulimia than in the 24 healthy control subjects during all of the three recording periods -that is, seven to 10 minutes, [27] [28] [29] [30] minutes and 47-50 minutes after the start ofmeal ingestion (Table III) . In the healthy subjects, contraction amplitudes increased steadily over the postprandial 50 minutes of recording. In the bulimia patients no or only slight increases occurred and the contraction amplitudes remained more or less unchanged over the 50 minutes of recording. In the periods [27] [28] [29] [30] minutes and 47-50 minutes after the start ofmeal ingestion, amplitudes were significantly lower in bulimia patients than in the healthy individuals (Table III) .
Frequency ofantral contractions
In the patients with bulimia having received no drug or placebo, the frequency decreased slightly less over the 50 minutes after meal ingestion than in the healthy control subjects (Table III) , in whom this decrease correlated with the simultaneous increase in contraction amplitude. The mean contraction frequency averaged over the three postprandial recording periods was within the range of the mean frequencies of the control subjects in all of the patients.
Propagation velocity ofantral contractions The propagation velocity was slightly higher in the bulimia patients than in the healthy subjects (Table III) . No retropulsive waves could be detected in any patient with bulimia and in any control subject.
Discussion
The results of the present study show 10 patients with bulimia'7 or to be normal. '6 In the latter study,'6 however, emptying data of the bulimic patients were compared with those of a very heterogenous control group of 16 premenopausal women, which included patients with morbid obesity and inflammatory bowel disease and whose t½/2s for solid meal components were highly scattered. In the same study it was reported that, in three patients with bulimia, antral motor activity as recorded manometrically was normal and even higher than in the controls. 16 The latter findings have to be viewed with caution regarding the very small number of patients studied and the recording technique used, which is prone to detect no more than 50% of actually occurring contractions.32 As there is no information available on the rate of gastric emptying in patients hospitalised for psychiatric diseases without eating disorders, the question of how emptying in such patients relates to that in patients hospitalised for bulimia cannot be answered. The mechanisms underlying the impaired gastric motor function in patients with bulimia are unknown. As revealed in the present study, the absence or presence of a history of primary anorexia nervosa, the absence or presence of laxative abuse and the frequency of vomiting per week bore no relationship to the rate of gastric emptying. There was, however, a significant inverse relationship between t½/2s and serum potassium concentrations, which were below the normal range in four of the 24 patients studied and near the lower borderline of normal in another eight. There was also a tendency of low percentages of desirable weight being associated with long t½/2s, which, however, did not attain statistical significance. Incidences of dilatation, infarction and rupture of the stomach upon the ingestion of large quantities of food, which were observed not only in depleted patients with primary anorexia nervosa33-37 but also in patients with bulimia,36 39 suggest that weakness and atrophy of gastric smooth muscle, caused by malnutrition and/or electrolyte depletion resulting from the repetitive self-induced vomiting, might play a crucial role. This also could have been the case in a number of our patients, who were substantially underweight by up to 23%, although the average weight of the patients was only about 10% below their calculated desirable weight. Disordered gastric motor function may also be the result of abnormal autonomic function'5 or of peripheral neurophathy as found to impair skeletal muscle function in patients with primary anorexia nervosa and bulimia.4'4I There was no evidence of such changes, however, in any of our patients.
It is concluded that bulimic behaviour can obscure symptoms of oesophageal motor disorders and that delayed gastric emptying, low antral contraction amplitudes and an impaired contractile response of the antrum to the ingestion of a meal are frequent not only in primary anorexia nervosa but also in bulimia nervosa.
